Introduction
[2] The terrestrial biosphere plays a dominant role in controlling atmospheric CO 2 on annual and interannual timescales and is responsible for about half of the net global carbon sink for anthropogenic CO 2 . This net sink and its variability on short time scales are governed primarily by the gross fluxes of CO 2 into and out of the atmosphere due to respiration and photosynthesis, respectively. Because the net sink is the small difference between these large fluxes and is more easily constrained by observations, large uncertainties remain in the global magnitudes and the temporal and spatial variability of these gross fluxes [e.g., Gurney et al., 2002] . Moreover, the climate sensitivities of these gross fluxes are a key uncertainty in climate change predictions since understanding the distinct responses of photosynthesis versus respiration to changing environmental conditions is critical to predicting how carbon storage by the terrestrial biosphere will respond to global change [e.g., Friedlingstein et al., 2003; Cox et al., 2000; Schimel et al., 2001] .
[3] While net CO 2 exchanges between the atmosphere, biosphere, and ocean are studied using observations of the concentrations and d
13
C values of CO 2 [e.g., Francey et al., 1995] or measuring the local net fluxes of CO 2 directly [e.g., Goulden et al., 1998] 
where l = 0.516 [Boering et al., 2004] [Luz et al., 1999] , tropospheric D 17 O CO2 may provide information on annual to decadal time scales. In this first study, a two-box model is used to investigate the feasibility of using D 17 O CO2 as a constraint on gross CO 2 fluxes to and from the terrestrial biosphere.
Model Description
[7] A two-box model representing the northern and southern hemispheres (NH and SH) was chosen since there are several flux asymmetries between the hemispheres. Carbon mass balance requires that the rate of change in CO 2 inventory in the NH troposphere (M N ) is the sum of the sources and sinks (Q j N ) of CO 2 within the hemisphere and the interhemispheric exchanges of CO 2 :
In (2), t is 1.1 yrs, the interhemispheric exchange time from 85 Kr observations [Jacob et al., 1987] .
[ 
Equations (2) and (3) yield (4) for the
The carbon sources and sinks are expressed as the sum of fluxes into and out of the NH:
where F XY represents the flux from a donor reservoir X to receiver reservoir Y, with the subscript S denoting the stratosphere, A the troposphere, O the ocean, and L leaves. À1 is assumed and therefore F OA (t) = F AO (t) À 2. F AO and F OA are divided between the hemispheres using the partitioning of net ocean fluxes from the mean of the TransCom3 models [Gurney et al., 2003] .
[10] The background equilibrium terrestrial biosphere is represented by net carbon assimilation during photosynthesis (A) balanced by stem and soil respiration (A 0 + F resp0 = 0). Here A is the difference between CO 2 to and from leaves (A = F AL + F LA ) with the fluxes given by:
(6) and (7) follow from Farquhar and Lloyd [1993] and Ciais et al. [1997] ; C c and C a are the CO 2 concentrations in the chloroplasts and the atmosphere. Typical values for the C c /C a ratio are 2/3 for C 3 plants and 1/3 for C 4 plants [Pearcy and Ehleringer, 1984] , with the assumption that C c $ C i , the intracellular [CO 2 ]. The leaf flux estimates in Table 2 assume a global annual magnitude for GPP of 100 PgCyr À1 [Cramer et al., 1999] . The hemispheric distribution of GPP is assumed to be the same as that for net primary production (NPP) calculated by the terrestrial biogeochemistry model CASA [Randerson et al., 1997] . We assume that plants use 12% of GPP as leaf respiration [Ciais et al., 1997] so that A 0 is 88 PgCyr À1 . The global distribution of C 3 :C 4 plant coverage is from Still et al. [2003] . Furthermore, isotope equilibration between CO 2 and H 2 O in chloroplasts is incomplete. We therefore partitioned F LA into equilibrated (F LA_eq = Q Â F LA ) and non-equilibrated fluxes, with the degree of equilibration (Q) for C 3 and C 4 plants of 0.93 and 0.38, respectively [Gillon and Yakir, 2000] . We assumed that the land sink of 2.4 PgCyr À1 required to balance the contemporary carbon budget is due to enhanced GPP, with
A , and F resp (t) = A(t) À 2. Holton [1990] . [Ciais et al., 1997] . Finally, processes that contribute to F landuse are assumed to produce CO 2 with D 17 O = 0. C for which the addition of fossil fuel CO 2 acts as a dilution.
Results and Discussion
[13] Results of sensitivity tests are given in 
